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Abstract: A single thin-screen metamaterial (MTM) filter with split-ring-resonator (SRR) 
elements was proposed and demonstrated to block the higher-order harmonics of a K-band phased 
array (operating between 20.2 and 21.2 GHz) spilling into a close-by astronomic-band (from 22.21 
to 22.5 GHz). It also provided at least 22-dB attenuation in the stop-band. In addition, this MTM 
filter can be very inexpensively fabricated by the modern printed wiring board (PWB) technique 


and mounted on top of the radiating aperture of a phased array with thousands of elements. 
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Fig. 1a Transmission Characteristics of Frequency 
Selective Screen (FSS) 
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Band Separation Ratio = Freq (High-band)/ Freq (Low-band) = F, /F, 


TK Wu, FSS and Grid Array, Chap. 1, Wiley, 1995 
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Figure 1c Configuration of an Array/Antenna 
with an Aperture Mounted FSS Filter/Shield 
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Quasi-Optical Grids for Interference Filter 


Filter pass-band: 8-10 GHz 
Stop-band: 10.8-11.4 GHz 
10 dB Rejection in Stop-band 
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Quasi-optical Grids for Image Rejection 


Stop-band: 206-208 GHz 
F,/F, - 221/208 - 1.06 


| Pass-band: 221-223 GHz 
| 25dB Rejection in Stop-band 


M. Moallem & K. Sarabandi, IEEE Int. AP Symposium, Chicago, IL, 2012 


Split-ring resonator meta-surface structure 
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| Pass-band: 3.55 GHz 
Stop-band: 3.3 GHz 
F,/F, = 3.55/3.3 = 1.076 
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SRR Reflection vs Incident Angle 
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SRR Filter's Equivalent Circuit Model 


X1 = JUL, 
X, = jwL, 
B, = jwC, 
B, = jwC, 





w = 2nf 
Input Admittance 


Y = 1/[1/(1/X, +1/(X, -1/8,))-1/8,] 
T = 1/[1+0.25 Y2]05 


1. N. Marcuvitz, Waveguide Handbook, N.Y., McGraw-Hill, 1951 
2. F. Costa, et. al., IEEE AP Magazine, 54, 35-48, August 2012 
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Relation between Patch and Slot FSS 


e From duality principle, for any complimentary 
slot and patch element FSS, 


T =R 


slot element patch element 


R T 


slot element ^ patch element 


REFLECTION PERFORMANCE Verification 
OF HIGH Q SPLIT RING FSS 


x x x Hollowa 


Reflection (dB) 





25 27 29 31 33 35 3.7 39 41 43 45 47 49 51 53 5.5 
Frequency (GHz) 


ECM PREDICTED FSS RESPONSE AGREES WITH HOLLOWAY'S RESULTS 
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Filter Performance with Split Ring 
Resonator (SRR) Slot Elements 


F,/F, = 22.21/21.2 = 1.05 
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Conclusion 


e Described the sharp transition Split-Ring FSS 
— F,/F, no bigger than 1.05 


* Described and verified the ECM approach for 
simulating SRR FSS performance 

e Demonstrated the SRR filter features 
— Low mass and low volume 


— Easy mounting/integration in the front-end of a 
phased array antenna 


— Low fabrication cost especially for a large array with 
thousands of radiating elements 
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